In this paper we test the profitability of momentum strategies in the United Kingdom, Germany, Japan, and China over the period 1991 to 2006 and sub-periods. Both RSS (Relative Strength Strategies) and WRSS (Weighted Relative Strength Strategies) are used to form the momentum portfolios. As a result, we find that the United Kingdom and Germany exhibit rather stable medium-term return continuation for both RSS and WRSS over the entire sample period and sub-periods, while Japan shows a medium-term return reversal over the sub-period 1991-1998. As for China, we report momentum profits over the period 1995-2006 and the sub-period 2001-2006 with RSS. Furthermore, we use the results of RSS to check the influence of risk factors and transaction costs on the momentum returns, as well as calendar effects and other characteristics of momentum portfolios reported in the literature. With the results of WRSS, we examine the relative importance of time-series predictability and cross-sectional variation in accounting for the profits of momentum strategies.
Introduction
The concept of Efficient Market Hypothesis (EMH) appeared in 1960s and reached such a height of dominance around 1970s that any deviation in financial markets has been called anomaly. The 1980s has witnessed the proliferation of reported anomalies. For example, the cross-section of equity returns has been reported as predictable based on past returns over various horizons. Among them, medium-term continuation of equity returns, also called "momentum strategy", is the most intriguing phenomenon. It has not been traded away, despite being well known as public information for years. Titman (1993, 1995) are the first to report medium-term profit "momentum". Upon examining a variety of momentum strategies in the United States stock market over the sample period 1965 to 1989, they find that strategies that buy winning stocks (stocks with high returns over the previous three months to one year) and sell losing stocks (stocks with low returns over the same period) earn profits of about 1 percent per month for the following year. They propose that underreaction of stock prices to information contained in past stock returns leads to this profit momentum.
Since their very first appearance as an anomaly to the EMH, momentum strategies have been criticized by many as the product of a data snooping process. However, when Jegadeesh and Titman (2001) extend the original sample period to the period of 1990 to 1998, profits about the same magnitude as in their earlier paper are once again documented. Grundy and Martin (2001) further extend the sample period and document that momentum profits are remarkably stable across sub-periods post 1926. Besides, other researchers have checked stock markets of different regions over different time periods using various methods, and have consistently reported positive returns by implementing these strategies. For instance, momentum profits of a similar size to that of the United States market are documented in several European markets by Rouwenhorst (1998) and in Asian markets (Japan and Korea as exceptions) by Chui et al. (2000) . In practice, momentum strategies are also favored by many practitioners in their investment activities. Grinblatt et al. (1995) find that about 77 percent of mutual funds in their sample use momentum strategies in their investment.
The proponents of EMH argue that the winner-loser results can be accounted within the framework of risk factor models. Zarowin (1990) attributes them to the size factor effect: Small stocks, often losers, have higher expected return than large stocks. Chan et al. (1996) show that medium-term performance continuation can be partly explained by underreaction to earnings information, but price momentum is not subsumed by earnings momentum. Fama and French (1996) try to account for the cross-section stock return predictability with their multifactor model. However, they find that long-term reversals can be consistent with the model, but fail to explain medium-term return continuation. Chopra et al. (1992) show that losers would have to have much higher betas than winners in order to justify the return differences, and the beta in the CAPM framework cannot account for it. Grundy and Martin (2001) find that neither industry effects nor cross-sectional differences in expected returns are the primary cause of the momentum phenomenon, and the strategy's average profitability cannot be explained by Fama and French's three-factor model. Some behavioral models have been provided to explain the momentum strategy. Grinblatt and Han (2001) argue that the disposition effect accounts for a large percentage of the momentum in stock returns. The concavity (convexity) of the value function in the gains (losses) region makes investors willing to sell (hold) a stock which has earned them capital gains (losses). And this may initially depress (inflate) the stock price, generating higher (lower) returns later. Hirshleifer and Shumway (2003) attribute the momentum to the fact that low returns on a stock put the investors of the stock in a negative, critical mood. This bad mood may in turn cause skeptical and pessimistic interpretation of subsequently arriving information. People will not fully foresee their negative interpretation of future information, causing a tendency toward continuation of the drop in price. Other behavioral models include Barberis et al. (1998) , Daniel et al. (1998) , and Hong and Stein (1999) , which we will introduce in detail in Section I of this paper.
In this paper, we examine momentum strategies in four major financial markets in Europe and Asia: the United Kingdom, Germany, Japan, and China. The choice of these markets for this study is motivated by the fact that they are among the most important equity markets in the world, ranking top two in their respective continents. Besides, the sample includes an emerging market, China. In his response to the critiques of the EMH, Fama (1998) argues that the return anomalies should stand up to out-of-sample tests. If the conclusions derived from developed markets are robust, we should find a similar effect in emerging markets. Since China's stock market is usually considered to be independent of its United States counterpart, findings of a similar pattern from independent samples help to relieve the concern of data snooping.
The purposes of the paper are five-fold. Firstly, we test the profitability of momentum strategies of different investment horizons in an international setting. If the return continuation is absent in international markets, this suggests that the United States experience may simply have been an exception rather than the rule. We use a comprehensive sample including nearly all listed stocks in each market, avoiding the "larger firms" bias in Rouwenhorst (1998) . By doing so, we can also check the validity of various explanations provided in the literature. Secondly, we compare the consistency of the results under different portfolio formation frameworks. In building relative strength strategies, the momentum literature can be divided into two streams: RSS (Relative Strength Strategies), proposed by DeBondt and Thaler (1985) and Jegadeesh and Titman (1993) , and WRSS (Weighted Relative Strength Strategies), proposed by Lo and MacKinlay (1990) and Conrad and Kaul (1998) . In this paper, we calculate the profits of trading strategies in both methods and then check the consistency. To our knowledge, this paper is the first to do so.
Thirdly, the paper checks whether the momentum profits are significant after taking risk factors and transaction costs into account. Fourthly, we examine whether the characteristics of momentum profits reported in the literature, such as calendar effect, apply to the sample markets. And fifthly, we evaluate the relative importance of difference sources of the profitability, if any, to trading strategies. Using the framework of Conrad and Kaul (1998) , we decompose the profits of momentum strategies into two parts: one that results from the timeseries predictability in security returns, and the other from the cross-sectional variation in the mean returns of the securities comprising the portfolio. It is important to determine the sources of profits from the trading strategies, since only the first part is associated with the return predictability, and in turn, the anomalous effect.
We find that the results obtained with RSS and WRSS have relatively high correlations. Under both methods, Winners outperform Losers in the medium-term horizons for nearly all holding periods in the United Kingdom and Germany, and for most of the periods in China. The outperformance lasts for about two years. In Japan, we document negative average returns for the momentum portfolios over nearly all holding periods. Further tests show that the momentum returns cannot be explained by the Fama-French three-factor model. Similar to the United States markets, the cumulative momentum profits turn negative for horizons of longer than two years.
1 Different from the United States markets, we do not observe the January effect in the sample markets. The concavity of the cumulative momentum profits over various holding periods shows that the behavioral models are supported. Besides, we check the correlation among the sample markets and document a significant correlation between the United Kingdom and Germany. Furthermore, transaction costs do not rule out the profitability of the momentum strategies for a majority of the holding periods.
Contrary to Conrad and Kaul (1998) who report a negligible role of the time-series predictable components in the United States market, we find that the expected profits are highly predictable for most of the trading strategies from the time-series components for all the sample markets. Besides, the cross-sectional variance of mean returns of individual securities increases with the trading horizon, but the magnitude of the increase is much smaller than the random walk hypothesis predicts.
The remainder of the paper is organized as follows. Section I develops the hypotheses of this paper based on several models aiming to explain the momentum profits. Section II describes the data and our methodology, together with empirical findings of the RSS and WRSS. Section III examines whether the profits can be explained by the F-F three-factor model and transaction costs, as well as some reported characteristics of the momentum returns. Section IV decomposes the profit sources and compares the relative importance of each component. Section V concludes the paper with a brief summary and suggestions for future research. Barberis et al. (1998) , Daniel et al. (1998), and Hong and Stein (1999) propose behavioral models to explain the momentum phenomenon and long-term return reversal documented by Thaler (1985, 1987) . These behavioral models imply that the holding period abnormal returns arise because of a delayed overreaction to information that pushes the prices of winners (losers) above (below) their long-term values. The misperceptions that drive momentum are also the drivers of long-term reversals. Thus, if there is some market segmentation, then those sets of assets with largest momentum effects should also have the largest reversals. Barberis et al. (1998) combine the conservatism bias with representative heuristics to explain the long-term overreaction and the shorter-term momentum. The authors argue that the representativeness may lead investors to mistakenly conclude that firms realizing extraordinary earnings growths will continue to do so in the future. Although the conservatism bias alone leads to underreaction, the joint effect of conservatism of representativeness can lead to longhorizon negative returns for stocks with consistently high past returns. By examining predictions of MBA students as experimental subjects, Bloomfield and Hales (2001) test Barberis et al. (1998) theory that people misperceive random walks to be shifts between continuation and reversals regimes. And it is confirmed that subjects overreacted to changes preceded by sequences of continuations, and underreacted to changes preceded by many reversals. Daniel et al. (1998) believe that investors suffer from a self-attribution bias: Investors tend to attribute the performance of ex post winners to their stock selection skills and that of ex post losers to bad luck. After the investment result is revealed, these investors become overconfident about their ability to pick winners and over-estimate the precision of their signals that had been confirmed by prior outcomes. Based on their increased confidence in their signals, they push up the prices of the winner above the fundamental values. On the other hand, the delayed overreaction in their model leads to momentum profits that are eventually reversed as prices revert to the fundamental values.
I. The Hypotheses
Hong and Stein (1999) adopt a different approach from Daniel et al. (1998) and Barberis et al. (1998) . Rather than trying to say much about the psychology of the representative agent, they emphasize the interaction between two groups of bounded rational agents: "newswatchers" and "momentum traders". Newswatchers make forecasts based on signals that they privately observe about future fundamentals; however, they do not condition on current or past prices. Momentum traders do condition on past price changes; however, their forecasts are simply made on the history of past prices. These authors also assume that private information diffuses gradually across the newswacher population. Thus, initially, when only newswatchers are active, prices adjust slowly to new information, leading to underreaction. Later on, momentum traders intervene and arbitrage away any underreaction left behind by the newswatchers. But with the simple arbitrage strategy, they only partially eliminate the underreaction and, in doing so, create an excessive momentum in prices that culminates in overreaction. In other words, the very existence of underreaction sows the seeds for overreaction. In this process, early momentum buyers impose a negative externality on late momentum buyers.
Based on these behavioral models, we build our first hypothesis as follows:
H1:
The momentum strategies earn positive returns over the medium-term holding period, but in the long-term the positive returns will be reversed and turn negative.
Based on Lo and MacKinlay (1990) , Conrad and Kaul (1998) argue that the momentum profits documented in the United States are not necessarily caused by the time-series predictable component, but could be due to cross-sectional variation in the mean returns of individual stocks. In other words, the evidence of momentum strategies is not enough to argue against the EMH. They start with the hypothesis that stock prices follow random walks plus drifts, and the unconditional drifts vary across stocks. With their sample, they show that the profitability of momentum strategies is due to the cross-sectional variation, and the time-series predictability is negligible. With these arguments, we build our second hypothesis as follows: Several filters are used in calculating profits of the equities: First, the price of the first month for each stock is deleted to eliminate the effect of IPO (Initial Public Offerings) underpricing. Second, stocks with a history of less than three years are ruled out. With these filters the remaining sample consists of 1,979 stocks in the United Kingdom, 1,088 stocks in Germany, 3,837 stocks in Japan, and 1,584 stocks in China.
Later in the paper, we will check whether Fama-French three-factor model can account for the profits of momentum strategies. In doing so, we use Morgan Stanley Country Index (MSCI) as the proxy of market, which covers above 85 percent of the total market capitalization of each country. To calculate the excess market return, we approximate the risk-free rate of return with short-term treasury bill rate or time deposit (when treasury bill rate is not available), which is obtained from Global Financial Market Database. Table 1 lists the descriptive statistics of the above-mentioned variables. During the sample period, the monthly average return on the market index ranges between -0.06 percent (Japan) and 0.68 percent (Germany); the average short-term interest rate ranges between 0.12 percent (Japan) and 0.51 percent (the United Kingdom). Table 1 also reports the SMB and HML factors of Fama-French for the sample markets. To calculate these factor values, we follow the method described in Fama and French (1993) to form the 6 size-BE/ME stock portfolios based on all the equities in Datastream.
Profits of Relative Strength Strategy (RSS):
First, we form the relative strength portfolios as described in Jegadeesh and Titman (1993) . At the end of each month t, all stocks are ranked in ascending order on the basis of their past J months' returns (J = 3, 6, 9, or 12) . Based on these rankings, the stocks are assigned to one of ten decile portfolios. The top decile portfolio is called the "Loser", while the bottom decile is called the "Winner". These portfolios are equally weighted at formation, and held for K subsequent months (K = 3, 6, 9, or 12).
Table 1
Descriptive Statistics of Equities in the Sample Markets This table lists the descriptive statistics of the market index, short-term interest rate, and FamaFrench factors for the sample markets over the sample period. To calculate these factor values, we follow the method described in Fama and French (1993) to form the 6 size-BE/ME stock portfolios based on all the equities in Datastream. To minimize small-sample biases and to increase the power of the test, we implement trading strategies for overlapping holding periods on a monthly frequency. Therefore, in any given month t, the strategies hold a series of portfolios that are selected in the current month as well as in the previous K-1 months. This is equivalent to a composite portfolio in which 1/K of the holding is replaced each month. To avoid the potential "survival biases", we do not require all securities included in a particular strategy in the formation period to survive up to the end of the holding period. If a security i survives for less than J periods, we use a (J-j) period return in calculating , where j is the period of delisting. If a security does not survive the formation period, it is dropped from the particular strategy. Table 2 Average Profits to RSS This table shows average profits to relative strength strategies (RSS) in the United Kingdom, Germany, Japan, and China for the period 1991 (1995 for China) to 2006 and two equal-size sub-periods. At the end of each month t, all stocks in each country are ranked in ascending order on the basis of their past J months' returns. Based on these rankings, the stocks are assigned to one of ten decile portfolios. The top decile portfolio is called the "Loser", while the bottom decile is called the "Winner". These portfolios are equally weighted at formation, and held for K subsequent months. t-statistics is the average return divided by its standard error. * represents significance at 5% level. Table 2 shows the average monthly buy-and-hold returns on the composite portfolio strategies implemented during different periods in each country, with Panel A, B, C, and D presenting the results for the United Kingdom, Germany, Japan, and China, respectively. For the United Kingdom, Germany, and Japan, we consider the period 1991 to 2006 and two equal-size subperiods. For China, we consider the period 1995 to 1996 and two equal-size sub-periods.
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For each strategy, the table lists the returns of the "Winner" and the "Loser", as well as the excess returns (and t-stat) from buying "Winner" and selling "Loser". For instance, as Panel A shows, during the period 1991-2006 buying "Winner" from a 3-month/3-month strategy in the United Kingdom earns an average return of 2.05 percent per month, 1.25 percent higher than buying "Loser" in the same strategy, which returns 0.90 percent. The excess return is significant at the 5 percent level of significance, with a t-stat of 3.82.
For the entire period 1991-2006, among the sixteen strategies in each market, significantly positive excess returns are observed at the 5 percent level for fifteen strategies in the United Kingdom, fourteen in Germany, zero in Japan, and ten in China. For the same period, significantly negative excess returns at the 5 percent level are only seen for nine strategies in Japan. Specifically, the excess returns of buying "Winner" over buying "Loser" range from 0.19 to 1.75 percent per month in the United Kingdom (with a mean of 1.15 percent), from 0.53 to 1.24 percent in Germany (with a mean of 0.98 percent), from -0.71 to -0.02 percent in Japan (with a mean of -0.39 percent), and from -0.02 to 1.11 percent in China (with a mean of 0.58 percent).
For the United Kingdom and Germany, the portfolio returns of both sub-periods are at a comparable scale to those of the entire sample period, with a majority of the strategies earning significant positive returns. In the United Kingdom, during the sub-period 1991 to 1998, all sixteen strategies earn significant positive returns, ranging between 0.98 and 1.96 percent (with a mean of 1.54 percent); during the sub-period 1998 to 2006, eleven strategies earn significant positive returns, ranging between -0.51 and 1.86 percent (with a mean of 0.80 percent). In Germany, during the sub-period 1991 to 1998, fifteen strategies earn significant positive returns, ranging between 0.64 and 1.68 percent (with a mean of 1.11 percent); during the subperiod 1998 to 2006, eleven strategies earn significant positive returns, ranging between 0.08 and 1.55 per cent (with a mean of 0.86 per cent). In both markets, the portfolios earn a higher average profit in the first sub-period than in the second sub-period.
The markets of Japan and China exhibit a different sub-period pattern from those of the United Kingdom and Germany. In Japan, during the sub-period 1991 to 1998, all sixteen strategies earn significant negative returns, ranging between -1.60 and -0.38 percent (with a mean of -0.81 percent); the negative returns disappear for most of the strategies during the sub-period 1999 to 2006. In China, during the sub-period 1995 to 2000, only one strategy earns significant negative returns; however, during the sub-period 2001 to 2006, fifteen strategies show positive momentum profits, ranging between 0.58 and 2.14 percent (with a mean of 1.26 percent).
We test for the joint significance of these strategies within each time period for each country.
There is strong evidence that the momentum is profitable in all time periods for the United King and Germany, and 2001-2006 sub-period for China: the chi-square statistics for each have a p-value of zero. Negative significant returns are found for the 1991-1998 sub-period for Japan, whose chi-square statistics have a zero p-value. Hence, the most convincing evidence in Table 2 is consequently in favor of momentum strategy in the United Kingdom, Germany, and China. The contrary strategy works in Japan.
Profits of Weighted Relative Strength Strategy (WRSS)
This subsection examines the profits of weighted Relative Strength Strategy. As in Section 2.2, each test period is divided into J-month formation period (from time t-2 to t-1) and k-month holding period (from time t-1 to t). Following Conrad and Kaul (1998) , the weight of each security in the trading portfolio in the holding period is determined by the relative performance of the security to the equal-weighted market portfolio in the formation period. Specifically, The plus sign in Eq.
(1) emphasizes that we will implement a moment strategy, i.e., going long in a security if it outperforms the equal-weighted market portfolio and going short in a security if it underperforms the market portfolio.
By construction, the portfolio is an arbitrage portfolio since the weights of securities sum to zero. And the total investment position (long or short) is given by:
The profit in the holding period from the strategy is:
(3) Table 3 reports the average monthly returns over different formation/holding periods in each country, with Panels A, B, C, and D presenting the results for the United Kingdom, Germany, Japan, and China, respectively. For each market, the time periods considered are the same as those in the case of RSS. For each strategy, the table lists the returns of the strategy and associated t-statistics. For instance, as Panel A shows, a 3-month/3-month WRSS strategy in the United Kingdom earns an average return of 0.081 percent per month, which is significant at the 5 percent level of significance, with a t-statistic of 1.94.
Over the sixteen entire period strategies in each market, significantly positive excess returns are obtain at the 5 percent level for fifteen strategies in the United Kingdom, sixteen in Germany, zero in Japan, and zero in China. Significant negative excess returns at the 5 percent level are only seen for two strategies in Japan. Specifically, the average returns over different formation/holding periods range from 0.044 to 0.306 percent per month in the United Kingdom (with a mean of 0.140 percent), from 0.078 to 0.340 percent in Germany (with a mean of 0.211 percent), from -0.080 to 0.002 percent in Japan (with a mean of -0.030 percent), and from -0.033 to 0.040 percent in China (with a mean of 0.012 percent). Table 3 Average Profits to WRSS This table shows average profits to zero-cost weighted RSS (WRSS) in the United Kingdom, Germany, Japan, and China for the period 1991 (1995 for China) to 2006 and two equal-size sub-periods. The trading strategy is to buy winners and sell losers based on their past J months' returns performance relative to the performance of an equal-weighted index of all stocks in each country. The profit in the holding period (k months) from the strategy is computed as 
. k = 3, 6, 9, 12.
All profit estimates are multiplied by 100. t-statistics is the average return divided by its standard error. The table also gives the correlation between the profits to WRSS and those to corresponding RSS. * represents significance at 5% level. For the sub-periods, the United Kingdom and Germany document portfolio returns at a comparable scale to those of the entire sample period, with a majority of the strategies earning significant positive returns. However, the strategies earn significantly negative returns for the sub-period 1991-1998 in Japan. Insignificant profits are reported for a majority of the strategies for sub-period 1999-2006 in Japan and both sub-periods in China.
In sum, the most convincing evidence in Table 3 is in favor of momentum strategy in the United Kingdom and Germany in all periods. The contrary strategy dominates in Japan during the sub-period 1991-1998. Next, we use the RSS to analyze the risk factors, calendar effect, and other characteristics of the momentum, and the WRSS to decompose the profits of the momentum strategies. Unless otherwise indicated, we focus, in the remainder of the paper, on the portfolios formed on the basis of the previous six months' return and held for six months, i.e., 6-month/6-month strategy. On one hand, it is consistent with the literature; on the other hand, the results of 6-month/6-month strategy are representative for other strategies in each period across our sample.
III. Characteristics of Momentum Strategies (with RSS)
3.1. Risk-Adjusted Returns Table 4 reports the results of the regression for periods that, on average, earn significant positive or negative returns. As is shown in column 4, nearly all the market factor coefficients (β m ) are negative, indicating that the losers are somewhat more sensitive to the market risk factor than the winners. A closer look at column 5 shows that only two coefficients for the subperiods in Germany are significantly different from zero, meaning that market betas for winners and losers are virtually equal. Columns 6-9 reveal the effect of the size factor coefficients (β smb ) and book-to-market factor coefficients (β hml ). The signs are mostly negative and the significant levels are mixed. This indicates that the losers are riskier than the winners because they are relatively more sensitive to all three Fama-French factors.
The second column of Table 4 reports the alpha (α ) of the various momentum portfolios estimated by regressing the monthly momentum returns on the Fama-French factors. The alphas for these risk-adjusted portfolios are about the same as the raw returns, with the only exception of Germany during the 1991-1998 sub-period. The last column of the table presents the R-square of each regression, ranging from 0.02 to 0.22.
In sum, the Fama-French three-factor model cannot explain the profits of the momentum strategies in most of the cases. Titman (1993, 2001 ) find an interesting seasonality in momentum profits in the United States. They document that the Winners outperform the Losers in all months except January, when the Losers outperform the Winners. Grundy and Martin (2001) also report similar results in the U.S., where the momentum portfolio earns significantly negative returns in Januaries and significantly positive returns in months other than January. However, we think this seasonality might be simply a statistical fluke. With sample markets additional to the United States, we can examine the performance of the strategy in January and non-January months to see whether the January effect applies in these markets. Table 5 reports the average monthly momentum portfolio returns and the percentage of months with positive returns for January as well as non-January months in each market. Column 4 in the table is the associated t-statistics. Different from earlier findings in the United States market, the momentum profits in January show significant positive returns in the United Kingdom, Germany, and China; not different from those in non-January months in each market. The only exception is found in Japan, in which the January returns are insignificantly different from zero.
Seasonality Effect

Table 5
Momentum Returns in January and Outside January This table reports the average monthly momentum portfolio returns, associated t-statistic, and the percentage of positive returns for January as well as non-January months in each market. The momentum portfolios are formed based on previous six-month returns and held for six months. The table also reports the difference between the January monthly returns and the non-January monthly returns. Table 5 also reports the test of the difference between the average monthly January returns and the average monthly non-January returns. Not surprisingly, the difference is insignificant in all markets.
Country
Post-holding Period Cumulative Profits to the Momentum Strategy
In this subsection we examine the results of momentum portfolios over various time horizons (K) to check the behavior of the momentum returns over time. This provides information on the duration of the continuation effect and the extent to which it is permanent. Table 6 gives the monthly average momentum portfolio returns and associated t-statistics in the first five years after portfolio formation based on previous six-month returns. For Japan, the average returns have been persistently negative since formation. On the contrary, for the United Kingdom, Germany, and China, the returns are nearly uniformly positive in the first two years, after which they turn negative. It is interesting to note that the returns over the last 12 months turn positive in Germany, although most of them are insignificant or marginally significant. In sum, this suggests that part of the continuation effect in these three countries may be temporary and is reversed in the third year after portfolio formation. These results are very similar to Jegadeesh and Titman (1993) for the United States, except that the turning point here is in about two years instead of one year in the United States.
Table 6
Post-holding Period Returns
This table reports the average monthly momentum portfolio returns and associated t-statistic over a 60-month post-formation period in each market. The momentum portfolios are formed based on previous six-month returns. The number in bold means significantly different from zero at 5% level. Figure 1 depicts the evolution of the cumulative momentum profits over an event time of 60-month post-formation period. Cumulative momentum profits of the three momentum profitable markets increase monotonically in the first two years until they reach the peaks between 10 and 20 percent. The three markets differ in the magnitude of subsequent return reversals: The United Kingdom shows a moderate reversal and maintains a profit level above 10 percent; profits in Germany fluctuate around zero; and China reveals the most dramatic reversal, with the cumulative profits declining to -20 percent. These results are consistent with the behavioral models that predict that momentum profits will be reversed eventually. In other words, H1 is supported.
Figure 1
Cumulative Momentum Profits
This figure presents cumulative momentum portfolio returns of RSS over a 60-month postformation period. The sample stocks cover over 95 percent of the market capitalization in each country. The momentum portfolios are formed based on previous six-month returns.
Correlation: Are There Common Components Across the Markets?
Gouwenhorst (1998) checks the correlation between European markets and the United States market and concludes that momentum returns have common components across different markets. In this paper, we test whether these common components persist and whether they provide "independent" evidence about the profitability of momentum strategies in each market. Table 7 presents the correlation among the momentum profits of our sample markets and the United States over the entire sample period. 3 We do not observe clear patterns in the table, since the sample correlations between the countries are mixed in sign, ranging from -0.134 to 3 The momentum profits of the United States market are obtained from the French's webpage. 
(5.47) (6.95)
where t-statistics are given in parentheses. Assuming joint normality, the intercept of the regression measures the average return of the independent part of the United Kingdom momentum portfolio to the Germany momentum returns. Conditioning on Germany reduces the average returns of the United Kingdom momentum profits from 1.60 to 1.15 percent per month, but the high t-statistic of the intercept implies profitability of the United Kingdom momentum strategies that is independent of a common component with Germany. In this sense, the United Kingdom and Germany provide evidence of momentum strategies independent from each other.
Transaction Costs
Transaction costs of implementing the momentum strategies may cancel out all or part of the momentum profits documented in our sample markets. Transaction costs for a single round-trip in all these markets are typically below one percent, implying round-trip transaction costs below two percent. Figure 1 shows that the absolute value of cumulative momentum profits significantly exceeds a two percent transaction cost for holding periods between 3 and 36 months.
Besides, the turnover of positions in the strategies is far from 100 percent per month since any two neighboring formation periods share K-1 months in common. Thus, Winner/Loser stocks over a K month formation period are likely to still qualify as Winner/Loser for the next formation period. Grundy and Martin (2001) report an average 40 percent of turnover for both the winner and the loser portfolios. Given this fact, the momentum profits obtained in each market remain significantly different from zero after considering the transaction costs.
IV. Decomposition of the Profit Sources (with WRSS)
In this section, we decompose the profits of WRSS and study the hypothesis developed in Section I, along with some discussions on other aspects of the trading strategies.
To decompose the WRSS profit, we assume that the realized return of stock i is expressed as:
where is the unconditional expected return of stock i and is the unexpected return at time t. Then the momentum profits in Eq.(6) can be decomposed into components based on expected and unexpected components of returns as follows:
where is the first-order autocovariance of the returns on the market portfolio, is the average of the first-order autocovariances of the N individual stocks in the zero cost portfolio,
, and is the cross-sectional variance of expected returns. 4 In calculating the components of the trading portfolio profits, we assume that individual stock returns are mean stationary.
Eq. (7) decomposes the total expected profits into two components: , the time-series predictable components in asset returns, and , the profits generated by cross-sectional variance of the mean returns. The equation indicates that any cross-sectional variation in expected returns contributes positively to momentum profits. Since realized past returns are positively correlated with expected returns, if a large part of realized returns is due to expected returns, past Winners (Losers) will on average continue to earn higher (lower) than average returns in the future.
Following Conrad and Kaul (1998) , we assume that the serial covariances and the crosssectional variances of mean returns of individual stocks are time dependent. Then, , , and are estimated as: (8) where (9) where and
where T(k) is the total number of overlapping returns in the sample period for a trading strategy of holding period k. , are the estimated expected returns of stock i, and market portfolio at time t-1.
is estimated through average realized returns of each stock:
4 Lo and MacKinlay (1990) originally propose this decomposition. Jegadeesh and Titman (1995) and Conrad and Kaul (1998) have further treatment of this decomposition and its economic interpretation.
where T i is the number of observations available for stock i. Then, (12) Table 8 presents the results of the contribution of time-series predictability and cross-sectional variation of stock returns over different holdings k for the entire sample period of each market, where k ranges from 3 to 12 months. For brevity, we only list strategies for which the length of the formation period J and the future holding period k are identical. Their results are representative for other strategies with different formation and holding periods.
For each panel, columns 2-4 report , ,and . To facilitate evaluation of the relative importance of the profit sources, the percentage contributions of and to the total profits, , are reported in column 5 and column 6, respectively.
There are several notable findings in Table 8 . First, is significant in all cases, given the fact that is the cross-sectional variance of . For the United Kingdom and Germany, is positive with the same significant level as in most cases; while for Japan and China, is negative but insignificantly different from zero. Second, in the United Kingdom, Germany, and Japan, the absolute value of shows an upward trend from 3 months to 9, and then turns downward at 12 months. The magnitude of in China and in all markets increases monotonically with time. The percentage contribution of dominates that of in nearly all strategies.
Table 8
The Decomposition of Average Profits to WRSS This table reports the decomposition of average profits to trading strategies and associated t-statistics (with identical formation and holding period) in each market during its entire sample period. The decomposition is given by , where and represent the time-series and cross-sectional predictable parts, respectively. All profit estimates are multiplied by 100. * and † denote significance at 5% and 10%, respectively. ,1 ) ( The results are revealing in two ways. First, the expected profits are highly predictable for most of the trading strategies from the time-series components, since contributes more of the profits than does. This finding is different from the United States market results by Conrad and Kaul (1998) . Second, the results do not support the random walk hypothesis. Although the magnitude of does increase with the trading horizon, the magnitude of the increase is much smaller than the random walk hypothesis indicates. In sum, these results reveal market inefficiencies.
V. Conclusion
This paper documents returns of momentum strategies in four sample markets during the period 1991 to 2006. Following the framework developed by Jegadeesh and Titman (1993) and Conrad and Kaul (1998) , we measure the momentum profits of RSS and WRSS, obtaining highly correlated results. It turns out that the past Winners outperformed the past Losers for nearly all periods in the United Kingdom, Germany, and most of the periods in China. In Japan, we document negative average returns with the momentum portfolios. Further tests show that the momentum returns cannot be explained by risk models such as the Fama-French three-factor model. Different from the United States market, we do not observe the January effect in our sample markets. The concavity of the cumulative momentum profits over various holding periods show that the behavioral models are supported. Besides, we check the correlation between the sample markets and find only a significant correlation between the United Kingdom and Germany. Furthermore, transaction costs do not rule out the profitability of the momentum strategies for a majority of the holding periods.
We decompose the expected profits of the momentum strategies into two different sources: time-series profitable component and cross-sectional variance of mean returns of individual securities. For all the markets, we find that the expected profits are highly predictable for most of the trading strategies from the time-series components. In addition, the cross-sectional variance of mean returns of individual securities increases with the trading horizon, but the magnitude of the increase is much smaller than the random walk hypothesis predicts. These results cast doubts on market efficiencies.
Some questions unanswered in the paper point the direction for future research. Are there other risk factors that can help explain the momentum profits? Does the correlation between Germany and the United Kingdom reflect a priced momentum factor that is common across certain markets, say European Union members? Why does Japan appear as an exception?
5 In decomposing the total momentum profits, we assume that the mean returns of individual securities are constant during the periods in which the trading strategies are implemented. Different specifications of the model for unconditional expected returns could affect our conclusions, and a model of time-varying expected returns could provide deeper insights into the question we are trying to answer. We leave this as a topic for future research.
